To determine radiologists' reactions to uncertainty when interpreting mammography and the extent to which radiologist uncertainty explains variability in interpretive performance. Methods. The authors used a mailed survey to assess demographic and clinical characteristics of radiologists and reactions to uncertainty associated with practice. Responses were linked to radiologists' actual interpretive performance data obtained from 3 regionally located mammography registries. Results. More than 180 radiologists were eligible to participate, and 139 consented for a response rate of 76.8%. Radiologist gender, more years inter-preting, and higher volume were associated with lower uncertainty scores. Positive predictive value, recall rates, and specificity were more affected by reactions to uncertainty than sensitivity or negative predictive value; however, none of these relationships was statistically significant. Conclusion. Certain practice factors, such as gender and years of interpretive experience, affect uncertainty scores. Radiologists' reactions to uncertainty do not appear to affect interpretive performance.
D etecting breast cancer on mammography is an area in which significant variability exists among radiologists, [1] [2] [3] [4] even in controlled conditions such as when interpreting a test set of mammograms, in which efforts to perform accurately would likely be heightened. 1, 2 What might be causing this variability in interpretive performance? Visual abnormalities could be missed or the same abnormality perceived differently by radiolo-gists. 1 Ambiguity associated with the image, such as subtle calcifications, architectural distortion, or breast density, as well as patient age, have also influenced interpretation. 4 Variability in interpretive performance (e.g., sensitivity, specificity, positive predictive value, negative predictive value, and recall rate) is an important clinical problem. Low recall rates could result in missed cancer or delay in diagnosis, whereas high recall rates can lead to unnecessary work up with associated costs and potential for patient morbidity.
Decision making in mammography is highly complex due to the interaction between visual perceptions and clinical judgment, both of which can be influenced by such factors as the experience of interpreter or concerns about malpractice. The malpractice issue is especially relevant in mammography since failure or delay in breast cancer diagnosis is the most frequent medical malpractice allegation in the United States. 5 Although a vast array of studies on medical decision making have appeared over the past 2 decades, 6, 7 biases and factors that affect these studies have gained recent attention. [8] [9] [10] [11] Physicians employ different approaches in gathering and using information when making clinical decisions. 8 Although some approaches reduce partiality, others can enter bias into the decision-making process. Such factors can include an individual's training or past history of untoward experiences. 8 Physicians' affective or attitudinal reactions to uncertainty in clinical decision making have been shown to bias medical decisions, [9] [10] [11] leading to excessive resource use. 12 By affective reactions to uncertainty, we mean the stress physicians experience due to various amounts of uncertainty inherent in their practice, such as their level of concern about possible bad outcomes or their reluctance to disclose mistakes to other physicians.
We conducted an observational study with radiologists in 3 distinct regions of the United States to assess their reactions to the uncertainty associated with their practice and to identify what factors in the practice environment may be associated with reactions to uncertainty. In addition, we explored the extent to which radiologists' reactions to uncertainty explain variability in interpretive performance. We were specifically testing the hypothesis that higher reactions to uncertainty would be associated with higher recall rates, which would result in lower specificity but higher sensitivity.
METHODS

Study Population
Three members of the federally funded Breast Cancer Surveillance Consortium 13 participated in this study. Group Health Cooperative is a nonprofit health maintenance organization (HMO) in the Pacific Northwest, 14 the New Hampshire Mammography Network 15 enrolls 90% of women undergoing mammography in New Hampshire, and the Colorado Mammography Program captures approximately 50% of the women in the 6-county metropolitan area of Denver, Colorado. 16 These registries represent the diverse spectrum of health delivery systems providing mammography in the United States. The data they provided for this study are protected so that we can evaluate the public health impact of screening mammography. 17 Eligible radiologists included those who interpreted mammograms captured by 1 of the 3 mammography registries between 1 January 1996 and 31 December 2001. Radiologists were excluded if they did not interpret mammography, interpreted fewer than 480 mammograms between 1996 and 2001, or planned to move or retire during the study period. After institutional review board approval was obtained for the study at each site, radiologists were recruited by mail and telephone followup. Radiologists were informed that their participation would involve completing a survey about their demographic, clinical, and other mammographyrelated experience and personal medico-legal experiences, which would then be linked to their interpretive performance of mammography as obtained from their respective mammography registries.
Instrument Development and Data Collection
The radiologist survey assessed demographic and clinical characteristics of radiologists, including gender, years interpreting mammography, interpretive volume, reimbursement mechanism, medico-legal experience, and reactions to uncertainty involved in patient care. Criterion-related, content, and construct validity of these survey items were addressed using 2 approaches. First, a national advisory committee of academic, scientific, and clinical colleagues in the fields of mammography, epidemiology, economics, medical decision making, and medical malpractice was convened. Members of this committee reviewed the literature on existing measures to assess various characteristics of radiologists and the setting in which they practiced to identify those most relevant for use in the proposed study. Second, a series of draft surveys were sequentially pilot tested among community radiologists from neighboring regions to the study sites. All pilot tests involved cognitive interviews either during completion or shortly following completion of each draft being tested until all variables were assessed as accurately collected. The final 6-page survey took approximately 10 min to complete, and survey mailings were administered directly from the 3 mammography registries to preserve confidentiality and optimize response rates.
The reactions to uncertainty in the clinical decisionmaking instrument were adapted using an instrument developed by Gerrity and others. 18, 19 This instrument characterizes physicians' reactions to the uncertainty associated with clinical care in 4 domains. The evolution of this instrument involved the development of 61 items that were completed by 700 physicians using a 6category response scale (strongly disagree, moderately disagree, slightly disagree, slightly agree, moderately agree, and strongly agree). 18 Exploratory factor analysis initially identified 2 dimensions (stress from uncertainty and reluctance to disclose uncertainty). A factor rotation was used to select best items, and Cronbach's α was used to assess internal consistency, which was further refined into 4 dimensions 19 (stress from uncertainty, concern about bad outcomes, reluctance to disclose mistakes to patients, and reluctance to disclose mistakes to physicians). The 3 scales included in this study 19 contained a total of 10 items, 5 of which reflected stress from uncertainty (α > 0.80), 3 reflecting concern about bad outcomes (α > 0.80), and 2 reflecting reluctance to disclose mistakes to physicians (α > 0.80).
The individual items were revised to make them more relevant for the practice of mammography interpretation, as indicated in Table 1 . Cronbach's α assessed the internal consistency of the revision. For stress due to uncertainty, it was 0.89; for concern about bad outcomes, it was 0.69; and for reluctance to disclose mistakes to physicians, it was 0.81. The α coefficient for the reaction to uncertainty measure with all 10 scale items combined was 0.86, indicating a high level of internal consistency of this measure.
Data Linkages
Survey data were independently double entered at each site and sent encrypted and deidentified (except for a study ID) to the main analytic center at Group Health Cooperative. Survey data were then merged with actual interpretation and outcome data for screening mammograms interpreted by study radiologists between 1 January 1996 and 31 December 2001. Core registry variables included date and type of mammogram (screening v. diagnostic); BI-RADS interpretation and recommendation categories 20 ; patient demographic, clinical, and risk characteristics; and breast cancer outcome. Encrypted study identifiers were used for the patient, the radiologist, and the mammogram facility. Standardized variable definitions allowed for merging of data from different screening programs while ensuring both uniformity and confidentiality of all data. 17 Linkages between radiologists' uncertainty scores from the mailed survey and performance data were made. A composite uncertainty score with the 3 domains combined could range between 10 and 60, with 10 being low reactions to uncertainty and 60 being high reactions to uncertainty. Low reactions to uncertainty versus high reactions indicate that participants experience low (v. high) affective responses to stress related to uncertainty, concern about bad outcomes, and reluctance to disclose mistakes.
Analytic Definitions
A screening mammogram was defined as a bilateral routine examination as designated by the radiologist. Exams were excluded if they were done on women with breast implants, were unilateral, or were done on women who self-reported previous breast cancer at the time of that exam. To avoid inadvertently including diagnostic mammography as screening encounters, we also excluded screening exams preceded by any radiologic exam within 270 days (9 months) prior to the screening mammogram, within which it would be unlikely that the examination would really be a screening exam.
Mammograms were considered positive if assigned a BI-RADS code of 0 (needs additional assessment), 4 (suspicious abnormality), 5 (highly suggestive of cancer), or 3 (probably benign) with a recommendation for immediate workup (≤6 months). Because mammograms are interpreted at the level of the breast, the highest BI-RADS code was used to classify each mammogram. We classified mammograms as negative if assigned a BI-RADS code of 1 (negative), 2 (benign finding), or a 3 (probably benign) with a recommendation for normal or short-interval followup. Our followup period for cancer outcomes associated with each screening examination was for 1 year (365 days) or until the next screening exam, if the screening exam occurred in the period between 270 and 364 days. Breast cancer outcomes (benign and malignant) were identified through one or more of the following sources: pathology data banks and/or regional cancer registries. Only invasive breast cancer and ductal carcinoma in situ cases were included. Cases known to be lobular carcinoma in situ were excluded because mammography identifies it only on rare occasions. When women had more than 1 breast pathology report associated with a cancer, the highest category was used.
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Analytic Calculations
Examinations were false positive when the assessment was positive and a breast cancer diagnosis did not occur within the followup period (365 days following the index screening examination or until the next examination, whichever occurred first). Examinations were true positive when the assessment was positive and a cancer diagnosis followed within the 365-day time period. A false-negative examination was a negative assessment with a diagnosis of cancer within the followup period. A true negative examination was a negative assessment with no subsequent cancer diagnosis within the followup period. Sensitivity was calculated as true positive/(true positive + false negative). Specificity was calculated as true negative/(true negative + false positive). Positive predictive value was calculated as true positive/(true positive + false positive) and negative predictive value as true negative/(true negative + false negative). Recall rate was calculated as positive/(positive + negative).
Statistical Analysis
Each radiologist characteristic of interest (gender, years interpreting mammography, interpretive volume, reimbursement mechanism, medico-legal experience) was initially examined univariately with respect to the combined uncertainty scale as well as the in-dividual subscales (stress due to uncertainty, concern about bad outcomes, and reluctance to disclose information). The mean and 95% confidence intervals (CIs) were computed for each scale by radiologist characteristic.
Univariate analyses also examined whether the radiologist interpretive performance measures were related to physicians' overall reaction to uncertainty. In this analysis, the uncertainty score was divided by 5 and put into a logistic regression as a continuous explanatory variable so that the interpretation of the odds ratio is the increase of the likelihood for every 5-point increase in the uncertainty score. We used a 5-point division to allow for exploration of fine differences we expected to find. Means and 95% CIs were computed for each performance measure and radiologist characteristic by radiologists' reactions to uncertainty.
The multivariable analysis examined the association between the combined ambiguity scale and each performance measurement while adjusting for potential confounders found in the univariate analyses. Each screening mammogram was associated with an assessment and breast cancer outcome; therefore, the analysis was performed at the mammogram level but accounted for the correlation within each radiologist. We further restricted this analysis to mammograms of women with dense breasts (classified as either heterogeneously dense or extremely dense) since focusing on the interpretation of these more complicated films may allow for more significant reactions to uncertainty to occur. Logistic regression models were fit using generalized estimating equations, which assumed an independent working correlation matrix. A 2-side P value <0.05 was considered to be statistically significant.
RESULTS
One hundred eighty-one radiologists were eligible for participation. Of these, 139 consented and completed all or a portion of the survey for a response rate of 76.8%. One hundred twenty-four participating radiologists (89.2%) interpreted the minimal number of mammograms outlined in our inclusion criteria. Table  2 outlines the demographic and practice characteristics of study participants by mean uncertainty score overall and for each of the 3 domains (with 95% CIs). As indicated, the majority was male, most were experienced mammographers, and there was a fairly even distribution across reported annual interpretive volume categories of 500 to 5000, with very few interpreting more or less than these categories. Most radiologists were reimbursed through shared partnership profits (income that is dispersed through professional associa-tions based on contractual agreements with institutions or facilities in need of specific services) or through annual set salary, with few being reimbursed per screening mammogram. Approximately half (49%) reported a prior medical malpractice lawsuit. Only 14% had a previous history of a mammography-related lawsuit. Figure 1 highlights the relationship between overall reactions to uncertainty score and interpretive experience and interpretive volume. As indicated, radiologists who are more experienced interpreters and those who interpret large volumes have lower reactions to uncertainty than do radiologists who are new to practice or who interpret smaller volumes of mammograms. A trend analysis suggests a trend for more years of interpretation and lower uncertainty scores, although this was not statistically significant (P = 0.13).
The trend analysis for the relationship between uncertainty and interpretive volume was also not significant (P = 0.49).
The mean combined uncertainty score was 33.5 (95% CI, 31.9 to 35.0) ( Table 2 ). It was lower among female radiologists (P = 0.01) as compared to male radiologists. More years interpreting mammography and higher interpretive volume were associated with lower uncertainty scores (P = 0.03). Method of reimbursement was also associated with uncertainty scores. Shared partnership profits and annual set salaries were associated with higher levels of uncertainty than were salaries based on per-screening mammography interpretations or some combination of these (P = 0.02), although small cell sizes in some categories may be influencing the stability of this finding. Radiologists with any prior medico-legal experience had slightly higher uncertainty scores, although this was not significant (P = 0.31). Female radiologists were more likely to have an annual set salary and less likely to have shared partnership profits than were male radiologists (P = 0.004), and they were somewhat less likely to have been involved in lawsuits, though not statistically so (37.0% v. 56.8%; P = 0.08). Physicians well established in practice (v. new to practice) were less likely to have annual set salaries and more likely to have shared partnership profits (32.9% v. 58.3%; P = 0.03). They were also more likely to have 1 or more medico-legal experiences (62.1% v. 18.5%; P < 0.001).
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Performance data linked to survey responses included a mean of 4493 mammograms per radiologists (range = 484-13,727) in the study time period. Breast cancer was diagnosed in 2840 women. Of the mammograms included in the analysis, 2302 (80.7% of all positive examinations) were true positive examinations, 499,667 (90.1% of all negative examinations) were true negative examinations, 54,636 (9.9% of all positive examinations) were false positive examinations, and 538 (19.3% of all negative examinations) were false negatives. Figure 2a illustrates the relationship between overall uncertainty scores and the standard performance indices of sensitivity and specificity. Figure 2b illustrates the relationship between overall uncertainty scores and the standard performance indices of positive (PPV) and negative predictive values (NPV). As indicated in these 2 figures, specificity and PPV were more affected by uncertainty than sensitivity and NPV in this unadjusted analysis. However, no statistically significant relationships were noted between uncertainty and any performance measure, and the variation explained was low (R 2 values ranged from 0.02 to 0.001). Figure 3 illustrates the relationship between uncertainty and recall rate, which suggests that higher scores in uncertainty are associated with increases in recall rates, though not statistically so. Table 3 illustrates the results of the multivariate analysis with and without adjustments for mammography registry, radiologist age, gender, and interpretive volume. As indicated in the table, adjustment for these factors, which have been associated with variability in interpretive performance, did not reveal any significant effect due to uncertainty. When we restricted this analysis to mammograms of women with dense breasts (classified as either heterogeneously dense or extremely dense), the results did not differ significantly (data not shown) from the findings presented in Table 3 .
DISCUSSION
Radiologists experience a range of reactions to the uncertainty inherent in the practice of mammographic interpretation. Male radiologists report more intense reactions to uncertainty than do female radiologists, and reactions to uncertainty appear to lessen with more years of experience and with higher volume versus lower volume interpreters. Surprisingly, these 3 factors (gender, interpretive volume, and years in prac-tice) were more closely associated with reactions to uncertainty than radiologists' medico-legal experiences. We hypothesized that medico-legal experiences would generate a much higher response to uncertainty than it did. This may be due to the fact that Colorado, one of the 3 study sites, is a capped litigation state and likely has fewer malpractice lawsuits (a few hundred per decade for mammography) than occur in states where malpractice litigation is not capped. Thus, participating physicians from Colorado may not be as reactive to uncertainty as physicians practicing elsewhere. Although method of reimbursement also was associated with reactions to uncertainty, we believe this finding was affected by small cell sizes in at least 1 of the response categories.
In our univariate analysis, higher uncertainty scores were associated with minor insignificant increases in recall rates and decreases in specificity and PPV, which UNCERTAINTY AND RISK PREFERENCE were not statistically significant. Sensitivity and NPV were not associated with any reactions to uncertainty. We initially hypothesized that physicians who are highly reactive to uncertainty would be more likely to order additional and perhaps unnecessary imaging as part of the screening workup. However, our findings differed from what we expected in that there were no statistical differences in any performance measures based on levels of uncertainty. When we adjusted for gender, age, interpretive volume, and registry in our multivariate analysis, and when we restricted our analyses to interpretations of mammograms in women with dense breasts, we still found no statistical differences that could be attributed to radiologists' reactions to uncertainty. Perhaps there is too little variation in perceptions of uncertainty and reactions to it among the radiologists we studied for it to be identified or perhaps there is too little variation in recall rates in our study, given how large our sample size was. The Physicians' Reactions to Uncertainty Scale was adapted to measure radiologists' affective reactions or attitudes toward uncertainty. Thus, our study is subject to the same limitations as other studies attempting to demonstrate an association between complex attitudes and behaviors. 21 The strength of the association between radiologists' reactions to uncertainty and their interpretive behavior may be influenced by several factors, including the intensity of their reactions to uncertainty, the salience of their reactions when interpreting mammograms, and situational factors that may override the influence of their behavioral reactions to uncertainty.
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Recall Rate by Uncertainty
To our knowledge, no previous study has been published on radiologists' reactions to uncertainty and how these reactions might influence practice. Allison and others 12 studied the relationship between affective reactions to uncertainty and resource use of general internists in a Medicare HMO and found that high reactions to uncertainty scores were associated with more test ordering and, subsequently, higher patient charges, even after adjustment for patient and physician factors. This finding differs from our study of radiologists' use of supplemental imaging. This may be due to the inherent differences between the discipline of internal medicine and radiology. Although internists generally use both a physical examination and a clinical history when assessing a patient's status, this is not always the case for radiologists. Internists are also more likely to have longitudinal face-to-face relationships with their patients than are radiologists, which may make their reactions to uncertainty less stressful. Perhaps certain reactions to uncertainty are influenced by selfselection into that discipline.
The differences between our study and Allison's may also be due to the practice environment of an HMO versus a population of radiologists who predominantly practice in community settings. Unfortunately, we could not make direct comparisons between assessments of uncertainty in our study and Allison's because the uncertainty measures were similar but not identical. This occurred because we used Gerrity and others' refined measure of uncertainty 19 and Allison and others used a previous version.
Radiologists' reactions to uncertainty in our study were higher than that of general internists participating in a study by Gerrity and others. 19 This was true for 2 of the 3 uncertainty domains. In Gerrity's study of 260 internists, in which the same instrument we used was administered, they found a mean stress score of 18.8 and a mean score for concern about bad outcomes of 9.5 compared to our stress score of 19.5 and 10.3 for concern about bad outcomes. It appears that radiologists experience more intense reactions to uncertainty than internists do in these 2 domains. Radiologists interpreting screening mammography tend to have little if any contact with patients, and they often interpret screening mammograms alone. Their reactions to uncertainty, which were evidenced by higher stress scores and concerns about bad outcomes, are not then likely related to patient interaction but rather may be related to other factors, such as practice isolation, ambiguity associated with complex breast architecture, or perhaps the tediousness associated with interpreting screening mammograms.
Interestingly, we found that radiologists compared to internists in Gerrity and others' study had lower reactions to uncertainty in disclosing mistakes to other physicians. A very recent study by Gallagher and others 22 indicates that physicians worry regularly about the possibility of medical errors and that their worst fears are related to malpractice litigation, loss of trust, loss of colleagues' respect, and diminished selfconfidence. We speculate that interacting more frequently with other physicians around patient care issues, which likely occurs more often in internal medicine than in mammographic interpretation, may generate higher reactions for the domain of disclosing mistakes for internists rather than radiologists.
We conducted this study because we initially thought that we could identify specific biases that affect radiologists' decision thresholds, which might be amenable to change. Identifying these might then lead to a better understanding of how to modify bias in deci-sion making with an eye toward enhancing interpretive performance. Our study was not specifically designed to assess how radiologists set their thresholds for decision making. This may be the next logical step in evaluating sources of variability in radiologist practice. Reducing unnecessary recall in the United States, while maintaining sensitivity, could result in both significant cost savings and a reduction in the anxiety women experience when receiving an abnormal mammographic interpretation. [23] [24] [25] However, we did not determine that radiologists' reactions to uncertainty were associated with differences in their interpretive practices. Perhaps the uncertainty that arises in this discipline of medicine expresses itself elsewhere. For example, we know that manpower in mammography is a problem, 26 with some radiologists stopping mammography interpretation altogether. Perhaps leaving the practice of mammography interpretation is where this uncertainty expresses itself. Unfortunately, our study was not designed to determine whether this is the case. Alternatively, perhaps our study showed no effect because radiologists as a profession have already adapted their recall rates to the US practice environment, and there may not be room for variation attributable to what may actually be small variations in uncertainty.
Our study, although rigorously designed, is not without limitations. Our study population included a representative sample of radiologists practicing in 3 distinct regions of the United States. Although our high response rate allows us to generalize to other radiologists in these regions, it does not allow us to generalize to radiologists around the entire country. A strength of our study is that we included the breadth of settings, including community-based, academic, and open-as well as closed-system HMOs. Although this allows us to capture mammography interpretation practice as it is commonly performed in the United States, we were not able to conduct our analysis by specific practice settings, such as among radiologists whose practice is confined specifically to mammography interpretation as this was not common in our study population.
In conclusion, we found that radiologists interpreting screening mammography experience a range of reactions to uncertainty in their clinical practice. These reactions are higher than have been reported in other medical disciplines, such as internal medicine, and certain characteristics of the radiologist, such as gender and years of interpretive experience, mediate these reactions. Despite the high level of reactions experienced by radiologists to the uncertainty inherent in their practice, their interpretive performance appears to be unaffected.
